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Table 1 Calculated solubilities in the Li* ,Na* ,K*/Cl~,S0; — H,0 systems at 25 °C
FEls LiCl NaCl Na,SO, K,S0, aw & AH
114" 6.576 9 0.747 2 0.7913 0.186 2 0.575 6 Db3 + Db4 + Ls + Syl
115 1.062 8 4.712°5 0.547 8 0.5559 0.714 9 Ap +Db3 + H + Th
116~ 2.2599 2.8527 1.4525 0.436 0 0.712 7 Ap + Db3 + Db4 + Syl
117 1.072 6 4.440 1 0.656 7 0.540 5 0.7225 Ap + Dbl +Db3 +Th
118 1.117 0 4.619 3 0.591 6 0.498 8 0.7156 Dbl + Db3 + H + Th
119 3.621 5 2.208 9 0.773 5 0.058 3 0.686 0 Dbl +Db2 + Db3 + H
120 4.662 2 1.5417 0.619 6 0.048 7 0.660 6 Db2 + Db3 + H + Ls
121 0.716 8 1.5413 2.298 9 0.4553 0.8053 Ap + Dbl + Mir + Th
122" 2.165 4 0.941 8 2.4013 0.3850 0.770 9 Ap + Ar + Db4 + Syl
1231 3.3197 0.749 6 1.215 4 0.0355 0.745 1 Dbl + Db2 + Db3 + Ls
124" 6.768 6 1.0399 0.758 1 0.153 4 0.5525 Db3 + H + Ls + Syl
125" 1.809 0 4.0319 1.192 4 0.444 7 0.692 5 Ap +Db3 + H + Syl
126" 20.103 0 0.061 8 0.890 6 0.059 0 0.106 3 H +Le + Ls + Syl
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Ap - NaK, (S0,),; Ar-K,S0,; Dbl - Li,SO, -Na,S0, -12H,0; Db2 - Li, SO, -Na, SO,
Db3 -2Li,S0, +Na,S0, -K,S80, ; Db4 - Li,S0, -K,80, ; H - NaCl; Lc - LiCl-H,0;
Ls—Li, S0, +H,0; Mir - Na,S0, -10H,0; Syl - KCl; Th - Na,S0, ;
# — RIS BT A LiCl,NaCl,KC1,K, 80, ;! — £h22H sy >4 LiCl, Li, SO, ,Na, S0, ,K,S0,

Li*,Na*,K*/Cl~,80>" -H,0 2—/ T

o2 HAKF, RME R

AR I TR Y

K F Ml ] = dEZs Rl S AR FRATT AT LA
DG Kk & Na*, K, Mg**/Cl~, SO2™ -
H,O, i/ — A=Ak i 4. T RE Sl il
X — A 7S (] B 45 > Eh 4 5 DX 0 A A0

B URIE £ JO AR i B AL IR RN A
PR G R, R2 M T HTlk R
Li* ,Na* K*/Cl=,802" -H,0 iy 13 A~ A8
S HR PR TR SRR RS
5 AN TU TR R TCAR f a5 A A

R2 25 CHHICIR R TR i R A DU TT IR 5 T0A8 H

Table 2 Connection relationship of invariant points

¥ YA [ A B
114 Db3 + Db4 + Ls + Syl 2,13,116,124
115 Ap +Db3 + H + Th 9,117,118,125
116 Ap +Db3 + Db + Syl 6,114,122,125
117 Ap + Dbl +Db3 + Th 4,115,118,121
118 Dbl +Db3 + H + Th 19,115,117,119
119 Dbl + Db2 +Db3 + H 18,118,120,123
120 Db2 + Db3 + H + Ls 16,119,124 ,123
121 Ap + Dbl + Mir + Th 5,10, 20,117
122 Ap + Ar + Db4 + Syl 7,11, 14,116
124 Db3 + H + Ls + Syl 114, 120,125, 126
125 Ap +Db3 + H + Syl 8,115, 116, 124
126 H +Le + Ls + Syl 1,12, 15, 124
123 Dbl +Db2 + Db3 + Ls 3,17, 119, 120
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Table 3 Invariant points and equilibrium solid phases

A= i [ AH Foe - A
Li* ,Na* ,K*/Cl~ -H,0 {k%& 11 Ap + Ar + Syl
1 H + Lc + Syl Li* ,Na*/Cl™,S0;” -H,0 fk &
Li* ,Na*/Cl™ 802" -H,0 {k % 12 Le + Ls + Syl
2 Db3 + Db4 + Ls 13 Db4 + Ls + Syl
3 Dbl +Db3 + Ls 14 Ar + Db4 + Syl
4 Ap + Dbl + Db3 Li*,Na*/Cl™,S0;” -H,0 {k%
5 Ap + Dbl + Mir 15 H+1Lc+Ls
6 Ap + Db3 + Db4 16 Db2 + H + Ls
7 Ap + Ar + Db4 17 Dbl +Db2 +Ls
Na* ,K*/Cl™,80;" -H,0 A% 18 Dbl +Db2 + H
8 Ap + H + Syl 19 Dbl + H +Th
9 Ap+H+Th 20 Dbl + Mir + Th
10 Ap + Mir + Th
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Fig. 7 Presentation of solutions in the qiunary system

Li* ,Na* K*/Cl™,S0}" —H,0 at 25 C
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Table 4 Index of invariant points on the projected phase diagram
(2Li" +2K* +S0™)/mol%
BB T
2Li SO, 2K H,0
114 Db3 + Db4 + Ls + Syl 81. 066 4.590 14.344 1 368.38
115 Ap +Db3 + H + Th 24.254  50.374  25.372 2 533.47
116 Ap + Db3 + Db4 + Syl 41.417 15.981  42.601 2 034.62
117 Ap + Dbl + Db3 + Th 23.584  52.647  23.769 2 441.00
118 Dbl +Db3 + H + Th 26.005  50.771 23.225 2 584.55
119 Dbl +Db2 + Dbh3 + H 67.044  30.798 2.159 2 055.22
120 Db2 +Dbh3 +H +Ls 76.477  21.925 1.598 1 821.08
121 Ap + Dbl + Mir + Th 10.045  77.194  12.761 1 555.77
122 Ap + Ar + Db4 + Syl 35.459  12.609  51.931 1817.95
124 Db3 + H + Ls + Syl 83.149 3.769 13.082 1363.79
125 Ap + Db3 + H + Syl 37.844  18.606  43.550 2322.43
126 H +Lc + Ls + Syl 94.693 0.556 4.751 522.93
123 Dbl + Db2 + Db3 + Ls 54.263  44.939 0.797 1 246.95
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Table 5 Chemical composition of Li-sulfate mixture salt %
Ak Li* Na* K* Mg Cl- S0:~ B,0, HKAREEY)
& 5 2.35 13.95 3.41 31.77 23.91 0.26 0.28
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Table 6 Composition of the solution No.3 g/L
H o Li* Na* K* cl- S0;~
& om 2.14 16.70 3.37 37.99 2.60
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Phase Diagram of Li* ,Na* K*/Cl~,SO; -H,O
System and Its Utilization

SONG Peng-sheng' , DONG Ya-ping'*, LI Wu'?

(1. Key Laboratory of Comprehensive and Highly Efficient Utilization of Salt Lake Resources ,Qinghai
Institute of Salt Lakes, Qinghai Institute of Salt Lakes, Chinese Academy of Sciences,Xining ,
810008, China;2. Qinghai Engineering and Technology Research Center of Comprehensive
Utilizabion of Salt Lake Resources ,Xining ,810008 , China )

Abstract: The quinary system of Li* ,Na®  K*/Cl~,S0;” — H,0 is useful for separation of Li salts from
Li-bearing brine of Na-sulfate subtype, processing spodumene ore and technology of lithium salts etc. The
only study report was published in the 1950s, but its result should be improved because of limitation of
technical conditions at that time. Existence of Li-double salts in its subsystems was confirmed thereafter.
New research has not been appeared for over 50 years. Prediction of chemical composition and existence
of solids at equilibrium are given by using our thermodynamic model for the system Li* ,Na®™ ,K*/Cl™,
SO;” —H,O0 in the present paper. As an example of its applications, separation of Li-sulfate mixture is
also described in detailed in the paper.

Key words : Phase diagram of Li* ,Na® ,K*/Cl~,80;" - H,0 system; Thermodynamics of phase equi-

librium for salt-water systems ; Process of mixture salts of Li-sulfate
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EMIZERAL TP IR X H B MR AR pR b2 33°577, 48 80°56 , 1l 1h1 1 4 =5 & 4524 m,
AR 107. 6 km® T 55 DU 20 WA 2t , 0 B ROFAF RO SR 91 X A0+ R 98 MRk AT PR, e
SRIK &R KA EAMAYER . HI7KSEXIK R 17.01 m, 17K pH {H 9. 0,57k 146.1 ¢/L,
WK A2 26 0 O B R R Y, JLh PHES 7 Na® (K* (Mg | Ca" & &40 5l 554003020 ,341. 4,
1.61 mg/L; &+ Cl™ ,SO;” ,CO3™ HCO; & 45 7k 80638 3437 2847 2116 mg/L; Li & &
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